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Introduction

22
In recent years the Internet has become an important source of 23 digital maps for mobile users. However, applications suffer from 24 bandwidth limitations and restricting devices like small displays.
25
Sending a large-scale map for each request is expensive and time Generalised Area Partitioning) data structure to store the results
56
of this simple generalisation procedure (van Oosterom, 2005) ; it 57 allows to progressively submit a data set by sending data at a low 58 LoD first and refining the data set by sending increments. We ap-59 ply the tGAP structure also in this paper; however, we propose 60 a new approach to define the sequence of generalisation steps, in 61 order to improve the quality of generalisation at low LoDs. conditions are bound to predefined actions (Harrie and Weibel, 66 2007). In view of this, we developed a method for the general-67 isation of land cover data based on mixed-integer programming 68 (Haunert and Wolff, 2006) , which is a technique for constrained problem, aiming to satisfy soft constraints as much as possible.
117
The optimisation is often done by application of meta-heuristics 118 such as hill-climbing and simulated annealing (Ware and Jones, 119 1998). In recent years, the application of multi-agent systems has 120 become a mainstream approach (Barrault et al., 2001 ). This al-121 lows to express constraints on map objects and groups of map 122 objects in a generic way. Galanda (2003) proposed by Cecconi (2003) and Merrick et al. (2007) In Fig. 2 and polygon parts to lines (Haunert and Sester, 2008) , an op- is because the polygon's width is lower than 50m -a threshold 216 that we defined according to the resolution of a map at scale sets into multiple instances of manageable size (Haunert, 2007a) .
251
The results presented in this paper were generated with this ap-252 proach. However, for the set-up of the tGAP structure with two 253 data sets of different LoD, we do not require the application of a 254 specific optimisation technique, for example, we could also apply 255 meta-heuristics like simulated annealing, which are common in 256 map generalisation (Ware and Jones, 1998 to partition V into mutually disjoint sets
ditionally, we aim to find land cover classes γ 1 , . . . , γ k ∈ Γ. Note 270 that we do not assume that the number k is given in advance.
271
An object in the target scale is defined by a pair (V i , γ i ). For each 272 such pair we introduce the requirements (hard constraints) that
273
(1) V i has weight at least θ(γ i ),
274
(2) V i contains at least one node v with γ(v) = γ i ,
275
(3) the subgraph induced by V i is connected.
276
We identify two objectives (soft constraints) for the optimisation 277 problem:
278
(1) Changes of land cover classes should be minimised.
279
(2) Composite objects should have maximally compact shapes. we define the total cost for class change as
To express the compactness of a shape, we tested two different 291 measures (Haunert, 2007b) . The first approach is simply to min-
292
imise the boundary length of the partition, that is, we charge a 293 cost proportional to the perimeter of a composite region V i ⊆ V :
The second measure is defined as cost for a composite region V i 295 receiving class γ i ∈ Γ: In order to define the trade-off between these criteria, we combine 305 the terms for class change, boundary length and distances to 306 centres in a weighted sum, that is, we minimise a sequence of such pairs that yields our generalised data set.
328
To guarantee that such a sequence exists, we first assure many-to- 
355
• A polygon can only be assigned to neighbours in the same 356 composite region.
357
• A centre must not be assigned to another polygon.
358
According to our idea of gradual refinement, we also require that, 4 The tGAP structure
386
The tGAP structure is a collection of data structures that store 387 the results of a generalisation performed in a preprocessing step.
388
The data structures support a vario-scale representation of a pla- Generalisation starts with the original (i.e., highest LoD) faces. original faces, the root is the full map extent. Figure 7 shows the 437 face hierarchy created by the generalisation process of Figure 6 .
438
In the right side of the tree are shown the steps performed to 439 create the tree, each step is associated with its importance value. We store faces using the left-right topology without edge refer- process. An edge disappears if it is part of the common boundary 447 of the two merged faces, e.g., edge 'g' in Step 1 (see Figure 6 ).
448
The other edges may continue existing, but the left or right face 
Implementation in Oracle Spatial
473
The constrained tGAP information is stored in Oracle Spatial.
474
The Oracle tables and their relationships are shown in Figure 11 .
475
Arrows associating tables show foreign key relationships. Table   476 Face holds information about faces: the centroid needed from the 477 optimisation algorithm, the class to which it belongs, the small 
